A highly sensitive 27MHz quartz-crystal microbalance (QCM) was applied as a device of dsDNA in vitro selection. When GCN4-bZIP peptides were immobilized on the small Au electrode of the QCM, dsDNAs having TGACTCA sequences could be mainly selected from DNA library having a 15-bp random region, which was consistent with the sequence observed by X-ray crystallography.
INTRODUCTION
Recently, in vitro selection was devised for the identification of high affinity oligo nucleotide ligands to target molecules. 1 Oligonucleotides that have high affinity for target molecules can be isolated by iterative rounds of affinity selection and amplification from a large library of randomized DNAs. These selections have been carried out on a filter paper or a gel column on which target molecules are immobilized and using fluorescent-or radiolabeled DNAs should monitor selection process.
We apply a highly sensitive 27 MHz QCM to in vitro selection of dsDNA that binds selectively to GCN4-bZIP peptides immobilized on a QCM plate. A bZIP 56-mer peptide is a simple a-helix-based DNA binding motif and is confirmed from X-ray crystallography to bind as a dimmer to major groove of dsDNA having the sequence of 5 TGACTCA 3 ' (TRE site) and S 'TGACGTCA 3 ' (CRE site) (see Figure I) . 23 QCMs are known as a very sensitive mass measuring device, in which the mother frequency of the QCM decreases linearly with increase of the mass on the electrode in nanogram level. 
RESULTS AND DISCUSSION
Schematic illustration of experimental setup is shown in Figure 2 . A bZIP peptide dimmer was immobilized on Au electrode (area: 5 mm 2 ) of a 27 MHz QCM plate through Au-S interaction having a long polyethylenoxide spacer. The bZIP-immobilized QCM was soaked into the buffer solution and frequency decrease (mass increase) responding to the addition of random dsDNA was monitored in the aqueous solution. After monitoring selection process as frequency decrease (mass increase), the QCM was washed and the selected DNA was recovered. The dsDNA was amplified with PCR reactions and used as the dsDNA for the next selection. The selection condition was severed by increasing ionic strength to 0.4 M to avoid nonspecific electrostatic.
Selection processes were repeated 1-6 cycles.
In situ monitoring of selection processes is shown in Figure 3 . Although random dsDNA hardly bound to bZIP, the binding behavior could be observed when the selection cycle increased from 3 ri to 6* cycle. From binding behavior, association constants could be estimated to be 
<10
5 and 10 9 M"' for the random and after 6th cycle selection, respectively. This clearly indicates that the selection process could be monitoring in situ by using a QCM method, although it was difficult by the conventional methods.
The selected DNA was PCR-amplified, cloned by T/A cloning method, and nucleotide sequences in random region were determined by a standard dideoxynucleotide method. The obtained sequences of random region of 15 bp after 3 and 6 cycles are summarized in Figure 4 , together with binding behavior to the bZIP-immobilized QCM.
In the 3 rd selection, the cloned sequences had hardly the consensus regions and binding amount to the bZIP was not large. After the 6 th cycle, the 16 sequences had the same region of 5 TGACTCA 3 ' in the obtained 23 clones, whose sequence was consisted with the TRE. The 6 th cycle DNA could be confirmed to bind largely to the bZIP from frequency changes, whose binding constant was estimated to be 1 X 10 7 M' 1 . In X-ray crystallography experiments, both TRE and CRE sequences are reported to be a specific binding region to GCN4 proteins. 2 However, in our selection experiments, only the TRE sequence was obtained, but not the CRE. In our separate QCM experiments, binding constants of both TRE and CRE sequences to bZIP peptide at 0.2 M KCI were not largely different. However, the binding constant of CRE was largely decreased at the high ionic strength of 0.4 M KCI. Since our selection was carried out at 0.4 M KCI condition, it is reasonable that only the TRE sequence was selected.
In conclusion, we have succeeded to select the dsDNA that binds selectively to bZIP peptide on the QCM plate. The obtained sequence was consisted with that obtained by X-ray crystallography. The QCM plate is very useful as a selection device, which can monitor as a mass change and can evaluate quantitatively the binding kinetics of the selected DNA to the target molecules on the same device. 
